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In conducting the research reported here, the investigators
adhered to "Principles of Laboratory Animal Care" as estab-
libhed by the National Society for Medical Research.
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ABSTRACT

Growth characteristics of three agents of the psittacosis group in the
L cell line and in human diploid cell strains have been described pre-
viously. Applications of these methods of cultivation to preparation of
improved psittacosis group vaccines have been investigated. The Borg
strain of human pneumonitis agent was used to infect cell cultures of
human diploid lung strain, W1-38. Eagle basal medium (VIE), which con-
tained 37. calf serum, was removed from infected cell monolayers after
18 hours' incubation at 37 C, and replaced with BME (without serum) or
BME containing 0.5% bovina serum albumin. Supernatant fluids were col-
lected after 2 to 3 days at 37 C, and formalin inactivation rates were
investigated. The conditions selected for routine inactivation were 0.05%
formalin, pH 7.0 to 7.5, and 20 C. Mice injected intraperitoneally with
single or multiple injections of vaccine and challenged by the same route
at various time intervals after the last injection withstood large doses
of homologous active agent. The imuinized mice also were protected against
a lethal challenge with the heterologous 6BC strain of the psittacosis
agent. Cross-protection was further evidenced by protection against the
Borg strain using a forumalin-inactivated 63C vaccine.



PSITrTACOSIS GOUt VACCINTE FREPARED
IN A E•J•l• DIPLGOD CE- STRA:\'

The properties of the human diploid cell strains and the potential
application of this type of cell system for viral vaccine production have
been described by Hayflick and associates. - Pearson et al.& have pre-
sented a study of the growth and morphological development of three agents
of the psittacosis group in the L cell line and several human embryonic
diploid cell strains. Comparative titrations of ir.fected supernatant
fluids in embryomated eggs indicated that the agents grew readily in
diploid cell strains. The results were essentially the same as those
obtained in the L cell line. Methods are described here for the prepa-
ration of formalin-inactivated vaccines from the Borg strain of the
human pneumonitis agent grown in human diploid cell strains. Results of
assessing these vaccines as inmiuizing antigens in mice are presented.

The tissue cultures used to prepare vaccine for the Torg agent were
4- to 6-day-old monolayers of the W:-38 strain of hurar. embryoric diploid
lung t-ells grown in one-liter Blake bottles -r obtained commercially in
32-oz prescription bottles. Cell mcvnlayers were was/'ed with balanced
salt solution (BSS), infected with a tiss'.ie culture to,-.k seed of the
Borg strain of the human pr.eumoritis agent, and incubated for 1 to 2 hr
at 37 C. The inoculum was removed and maintenarce medium, which con-
tained 3-4 calf serum, was added. After 18 ýours' incuibation at 37 C,
the maintenance medium was removed, and the tionolayers were washed with
BSS to remove the serum. Serum-free Eagle basal mediuv (SME) or, in a
few of the preparations, lk1E contalnl'.g 0.57. bovine serum albumin (BSA)
was added. The BSA was added as a possible rtsbilizer. The cultures
were incubated at 37 C for 2 to 3 days. at which time a 2 to 3+ cytopathic
effect (tpe) was observed. At that time the supernattat fluids were col-
lected, cellular debris was removed by lom-speed cei.'.:ift:ation, and
formalin was added. A single va:cine using the 6BC strain cf the psit-
tacosis agent was prepared in a simi!ar manner and viil be reerrd to
later in the crose-p-ote,:ti-n stidits.

Fig-ire I shwcs tte inacti'att', rates fo- the ?crg agint in serum-free
BME medium with O.C5 fcrmalin. p, 7.0 to 7.5. ard Rt tý,ree different
temperatures. All infectivit-' assavs werw. a-'rried c":- i'- e.--,nated
eggs.

in the absence of 0.057 formalin. the a&ent rema--•d far- stable at
4 C and IC C over a 5- to 6-day period, at w-.tcn ti'e the assays were dim-
contin'.;ed. At 230 '. :hýere wa,4 a -zAr*ed dp,77ase inr- e a-:stity of tl 4e
age-t after li 1 ."e-mpera-_- _,e , e ee- in-;estigated.
At 4 C, arnd in the press-'-! C. .-- talin, -fvi,- ;-,.zeaded
slowi,;. Assa',s on da,: 5 qt i' . 'I t*- pr-qs--nce of zl, e ;.t: however,
o7. da. 15, the fi':ids were n- l'r,- It-ai f,:: ezgg. I :tiýtion
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proceeded more rapidly at 10 C and was almost complete by 66 hours. At
that time, I of 10 eggs died when undiluted material was used. All eggs
survived in an assay conducted on day 6.

The majority of the subsequent preparations were inactivated at 20 C.
Although inactivation (as measured in eggs) was complete in less than 24
hours, all preparations used for iinanogenicity studies were held at this
temperature an additional 2 to 3 days and then stored at 4 C for at least
a week before being injected into mice. Vaccines prepared at 4 C were
held at least 30 days at this temperature before being used for iiunuo-
genicity studies in mice.

+4 C +I0 C +20 C

0 0
7. -o ~ -S 0

CW6.0 No Formolin r 9.
S.0 No Formalin No

E 0 ormalin
40Forrnalmn FormalinNo

>'2.0.

0/100t 1-1 ]/lOaf i r /loat 1--

0 1 2 3 4 S IS 0 1 2 3 4 5 6 0 1 2

Time, days

Fi•zre 1. Tactivation of P•t Atent in Sentrm Free Mtr vtth For-nalin
and at p+? 7.0 to 7.5.
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Additional infectivity assays were carried ('rt on a few of tý'e prepara-
tions in suckling and in 10- to 14 -g mice via t.-e intracerebral rotste; .-cne
of the inoculated animals died. Also, two subse-uert passages of egg yelk
sacs or mouse brain suspensions in eggs or mice did =ot isddi'ate tOe
presence of virulent agent.

Table 1 shows the results obtained with three different -vac cpz-
rations of formalin-inactivated Borg agent. These three preparations con-
tained 0.5% bovine serum albumin, and were inactivated with 0.05% formalin.
Vaccine 7 was inactivated at 20 C and vaccines 8 and 9 were inactivated at
4 C. With vaccine 7, a group of mice received one ip injection, and the
mie were challenged via the same route 6 weeks later. A second group of
mice received 3 ip injections at weekly intervals and was challenged 21
days after the last injection. The challenge material consisted of an
infected yolk sac suspension diluted in brain heart infusion broth. With
a challenge dose of 4 x l0 LDo (or 4 x IdD LU for vaccines 8 and 9),
80 to 100% of the challenged animals survived. The scattered deaths,
which ocs-.,rred frequently whenever a single injection schedule was fol-
lowed, were not observed when three injections of the vaccine were used.
Since inactivation occurred more rapidly at 20 C, and the resulting
vaccine appeared to provide adequate imminity, this temperature was
selected for the remaining studies.

TABLE 1. EFFECTTVENESS OF 3M0G VACCINES IN DOU NiZIfZ MTCE
AGAINST POKLOCOUS INTRAPERITONEAL CPALLENCE

Temperature Challenge Dose, IPLDC Injected
of No. of

Vaccine inactivation, injec- " x l• 4 1r0 - ' x 1 4 x
No. C tions Survival, per cent -

7 20 1 Not done t90 U 60 10
3 . d~,ne -,' i"' 10

xI 8') ?) C)9 10

1 DC0 90 9 IC'
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Table 2 shows the effectiveness of three serum-free vaccines in ismuiz-
ing mice against ip challenge. These results indicated that 90 to 100% of
the ismnized mice survived a challenge dose of 2 x U0P L),o, and 40 to 88%
of the immme groups survived 2 x 10" LDx). A more quantitative difference
in the effectiveness of the vaccines as imiizng antigens was demonstrated
with a challenge dose of 2 x 10' 1IFLDgo/ml. With vaccine 21, changes in
the iiummization schedule and increasing the number of injections provided
only a slight increase in the antigenic response.

TABLE 2. UFFECTIVENESS OF BORG VACCINES IN S MUJIZp
MICE AGAINST HCMOLOGOUS INTRAPERITONEAL CHALLENGES1

Challenge Dose, IPLDo Injected

Vaccine No. of 2 x Id' 2 x i
No. Injections Survival, per cent

18 4 88 100

19 3 67 90

21 3 40 90
4 50 100

a. Immunization and challenge schedule (0.5 ml ip)
0, 4, 4, 22 days - challenge at 5 weeks
0, 7, 14 days - challenge at 4 weeks

Table 3 shows the response of tice given three ip injections of undiluted
and diluted vaccines to ip challenge with homologous agent. The challenge
doses ranged from 2 x 103 to 2 x le MIPLDsO. These results indicated that
vaccine 19 could be diluted considerably and still elicit demonstrable
protection against an ip challenge.
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TABLE 3. EFFECTIVENESS OF DILTED BMG VACCIlNE (19)
IN INLiUIZIX NICE AGAINST

HQ4oMUoCS InTrAPmITON.L CEALLENGE.I/

Challenge Dose, IPLDh Injected

Vaccine 2 xz 2 x 10 2 x & 2 x 1U
Dilution Survival, per cent

Undiluted Not done Not done 95 53

1:3 100 100 67 33

1:10 100 60 53 13

1:27 13 27 27 7

1:81 10 0 0 10

noni-inized 0 5 0 0

a. I=munization and challenge schedule (0.5 ml ip)
O, 7, 14 days challenge at 4 weeks

Preliminary results on cross-protection with formalin-inactivated Borg
and 6BC agents are shosni in Table 4. Mice were given three intraperitoneal
injections of the designated vaccine at weekly intervals. Mice receiving
Borg vaccine were challenged intraperitoneally 10 weeks after the last injec-
tion; mice receiving 6BC vaccine were challenged 3 weeks following the last
injection. The IPLD/ul calculated from the challenge suspensions for the
i.inized and control groups of mice are shown in the right column. The
reduction of the LDI in the iminne group was used as the index of effec-
tiveness. When mic.e received Borg vaccine, approximately 2 logs of pro-
tection were obtained when challenged with the 6BC agent, and greater than
5 logs oL •rotection were obtained with the homologous agent. When mice
received 6BC vaccine, approximately 2.5 logs of protection w,;re obtained
with both the heterologous and homologous agents.
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TABLE 4. RESULTS IN MICE OF CROSS-D@UNITY TESTS
BETWEEN THE BM AND 6BC AcENTS

ImMitz ing Challenge Calculated
Vaccine Injections Agent MIPLDJo/ml (Iogo

None 0 6BC 3.8
Borg 3 6BC 1.9
None 0 Borg 6.4
Borg 3 Borg <0.7

None 0 Borg 6.6
6BC 3 Borg 3.8
None 0 6BC 4.2
6BC 3 6BC 1.6

In suumary, these studies clearly demonstrated that supernatant fluids
from cultures of the Borg agent that was grown in human diploid lung cells
and inactivated in the presence of formalin were capable of eliciting an
i ý ne response in mice. Animals treated with this preparation were capable
of resisting significant levels of homologous agent and the heterologous
6BC agent.
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